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This invention relates to methods of synthesis of 
5 -'^ " P-ticni„ to orthogonally 

protected carbohydrate building blocks, invention 
provrdes collections of orthogonally protected 
monosaccharides as universal building blocl^s for the 
synthesis of glycoconiugates of non-carbohydrate »K,lecules 
10 p::;:cr°°°"""'" --osacchandes. ^is orthog:nar' 
protectron strategy ,lio„s for the specific deprotection of 
any subsertuent on the saccharide ring, and greatly 
facrlxtates targeted or library-focused carbohydrate 
related syntheses. 

BACKGROmm OF THE TtKm^rrr^, 

variety important components of a 

Involved °' -1-ules, and are 

involved in antigenic recognition and cell-cell 
interactions. In roany cases, bio-HBlecules require 
20 conjugation with a carbohydrate component in order to be 
£ul y functional, in order to enable investigation of the 
hiological function, and to exploit the e.<^isite 
bioche^cal and antigenic specificity of oligosaccharides, 

35 sXtic "l '"'^ '° 

Tt r Therefore achieving efficient 

eost-effective synthesis of oligosaccharides and 
g ycoconiugates ^ either solution or solid phase .^^thods 
IS of the utmost importance. 

,„ , . '^^'^ i= enormously complicated by the 

si"^:"\" Oligosaccharides. Because of the^umber of 
possLr """^ -bstituents, and the nu„i=er of 

linked, the number of permutations is enormously high 
in naturally-occurring oligosaccharides D- 

D glL^os""''""^^ B-glucosamine and 

D galactosamine are among the most common sugar residues 
TO construct oligosaccharides and carbohydrate conjuga^ls 
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using these sugars, current methodologies require lona 
protracted syntheses, involving synthesis afT 
^un.red di.erent speciaUyUeLeal^ .r^d o^^^^^^ 
5 ^he possible permutations of 

orthogonal protection of bi-functional i«,leoules 

10 HIT" ^^"""^^^ - chen^str^! 

whxch provided general building bloc., for .elected 
=ynthe.ss. However, orthogonal protection in thede of 
^ ecu es With a greater degree of functionalisatL i: 
Quite rare. Our technology involves penta-functional 

Merr-H.- , Protection has been defined by 
Merrifield as follows: 

Zt th""''' °' "ability retires that 

can he r ^^"^'^"i"' ^^ould be used that 

without ''"^^^""^ ^^^^^^ 

without affecting the other functions present- 

(Merrxfield, 1977) 
25 faSlT."" °' -thogonal protection would greatly 

methods. "^'""^ protecting groups and 

block -H."""' ^''''^^^^ a universal building 

bloc, with chloroacetyl, p-™etho=^ben.y 1 . levulinyl and 
0 .ert-butvldiphenylsilyl protecting groups, selectively 
r^ovahle with sodi™ bicarbonate, trifluoroacetic acid 
hydr ^^^^^^^ fluoride-pyridine respectively. a 

Salactopyranose ring with an aryl-thio leaving group at th 
.^cosidic position, .his building bloc, was usL ^lely tl 

u inTtTs ^^""^ ^°-^ion focused on 

using the 6-hexanate derivatised building bloc, which 
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only .ou. .e.«e3 o. o...o.o„.U., 

5 synthetic J„rplrt-!l """"""^ derivative, but 

^ese authors dlri^ T ''"'^'""^^ °" ^''^ ^'1^-- 

~ on a Jrrr^'rrr rr " 

Erroup to a solid support or tTf. " ' ^hioglycoside 

- -o. not :=e.-r:;oor:z"r~t^::"r 

aJ. 1998). Pyranose ring (Wunberg et 

No. PCT/AU98/00808, we de^c^.-IK h 

— — o\r::::rj::tr 

=Tt\~ - t^^^^^ P-se 
25 peptide sy^thesif T J """" ""^"^ 

..sorihed th': r j: 

entire diso.o.r:: rrtt^!™ — 
incorporated herein by this reference 

0 "Moh greatm^i"* °' ^""^^"^ 

-d .lycoc n •„ t :„r^ r^-^^^^ 0^,0...^..^.^ 
huu-d..;;::: ::t?L::^d™r^ 

o^tavr: """"^ = Lvin. .roup 

5 another founZraTl" ""^^""^ 
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Usxng our approach with six universal building 
blocks based on six of the most common naturally occurring 
sugars, any one of the one hundred sugars referred to above 
-ay be c^uxckly synthesised in a facile manner, using 
sample well-known protecting group chexnistry. The years of 
work and complex protection strategies retired to produce 
these one hundred building blocks by previously-available 
block can be avoided by use of our six universal building 
blocks wh.ch do not re^^rre a high level of skill to use, 
and enable one to achieve the synthesis of a specific 
desired Oligosaccharide or glycocon.ugate much faster and 
niore efficiently than previously possible. 

SUMMARY OF T HE INVENTION 

In its most general aspect the invention provides 
a universal monosaccharide building block of General 
Formula I or General Formula li 



xc 



in which 

A is a leaving group, including but not limited 
to groups such as .here R is alkyl, substituted alkyl 

alkenyl, substituted alkenyl ,-II1^^^3ubstituted alkynyl 
cycloalkyl, substituted cycloalkyl, aryl, substituted ar^l ' 
halogen; trichloroacetixnidoyl- ; sulphoxide; -0-alkenyl; ' 

X is hydrogen, O, N or Nj; 

-C00-: an/' -<^«> - 
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It will be appreciated that as a consequence of 
stoichiometry and valence bond theory B, c, D and E are 
absent when X is hydrogen or N3 and E is absent when X, is 
hydrogen, CH3 or Nj. 

The following non-limiting sets have been 
designated as orthogonal to each other on the basis of 
their cleavage conditions. A protecting group is 
classified in a particular set according to its lability to 
the cleavage conditions for a particular set and its 
stability to the cleavage conditions required for the 
removal of those groups in the remaining sets. Each set is 
to be taken to include, but is not be limited, by the 
members thereof. 

Of the sets defined, set 1, the 'Base Solvolysis' 
set, xs of particular importance, because in addition to 
the fact that the members of this set are considered to be 
orthogonal to the members of the remaining sets, some 
members of this set are also considered to be orthogonal to 
each other, where this is the case, the alternative 
condition of cleavage that provides orthogonality is 
specified in brackets following the listing of the 
protecting group. 

1- Base Solvolysis 

a) for hydrojq^ protection: 

..acyl-tpe protecting groups, eg. chloroacetate 
(alsb thiourea -sensitive) 
bromoacetate (also pyridine-sensitive) 
carbonates, eg. Alloc (Pd°) 
Fmoc {^-elimination} 
Troc 

p nitrophenylsulphonylethyloxy carbonyl ) 
levanoyl (also hydrazine sensitive) 
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b) for amino protection: 

Dde, Wow (primary amine-sensitive) 

tetraphthaloyl 

d ichlorophthalov l 

^Ts-dimethyl-pyrroyl (primary amine-sensitive) 

benzyloxycarbonyl 

pentenyl 

2- Fluoride Ion-Sensitiv>:> 
for hydroxy protection: 

t-butyldiphenylsilyl 

triisopropylsilyl 

trimethylsilyl ethyl 

triphenylsilylethyl 

(all cleavable with HF/Pyridine) 

3 . Reduc t i on - Sens i t i vf> 

_ tri f luorometh yl 

trichlor omethyloxymethyl 
Tricftloromethyloxycarbonate 

(all cleavable with zinc/acetic acid) 

^' fa^ "^tion-Sen sitive. Base-r..h^io Protecting r.r-^ 

^ethoxy ethyl 
cyanoeth yl 

NSC fP-nitrobenzyl-sulphonylethyloxycarbonyl) 
p-nitrobenzyl -sulphonylethyl 

S^^g^ggg^^Q^^^is^nsitive Prote cting Groups 



naphthylmethyl 
substitutea~n5phthylmethyl 
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^- P^ida tion-Sensitive Pr otecting Gronpc;. 



p -me t hoxyben zy 1 

3 , 4-dimethoxyben2yl 

2,4, 6-trimethoxybenzyl 

3 , 4-methylenedioxybenzyl 

a cy 1 ami doben zy 1 

azidobenzyl 

p-azido-m-chlorobenzyl 

Allylic Protecting FiT-nnp.. 

Cleavable with Pd" complexes 

- Photolabi le Protecting GroupR : 

o-nitrobenzyloxycarbonate 

o-nitr obenzyl 

dinitrobenzyl 

2-oxo-l , 2-diphenylethyl 



becting Groups Removable by Relay D^n^n^o^^.^„ 

methyl thioe thyl 
acyloxybenzyl 
benzylthioethyl . 



In one preferred embodiment, the invention 
provides a contpound of General Formula III 




XCi 
III 
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in which 

A, X and X, are as defined for General Formulae I 
and II, and 

Bi, Ci, D, andE, are orthogonal carbohydrate 
protecting groups {ie. an orthogonal set) selected from 
protecting group sets 1, 2, 6 and 8. 

Another preferred embodiment provides a compound 
of General Formula IV 




E2X1. 

DjX-- "y^^XB2 
XC2 
IV 

in which 

A, X and X, are as defined for General Formulae I 
and II, and 

B2, C2, D2 andEa are selected from the members of 
protecting group set 1. and in themselves constitute an 
orthogonal set, for example the carbohydrate-protecting 
groups levanoyl ( ammonia -labile ) , chloroacetate (thiourea- 
labile), p-methoxybenzyioxycarbonyl (oxidation-labile) and 
2-trimethylsilyiethylcarbonate {fluoride ion-labile). 

This embodiment provides universal building 
blocks with protecting groups selected from the protecting 
groups of set 1. 

In a third preferred embodiment the invention 
provides a compound of General Formula V 
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in which 

A, X and Xi are as defined for General Formula I 
and II, and 

Bi, C3, D3 and E3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

This embodiment provides orthogonally protected 
building blocks, the protecting group constituents of which 
may be selected from within set 1 and from the remaining 
sets. 

It will be clearly understood that the invention 
is not limited to use with monosaccharides, but is also 
applicable to any compound in which substituents are linked 
to a pyranose or furanose ring, such as sugar analogues. 

For the purposes of this specification it will be 
clearly understood that the word "comprising- means 
-including but not limited to*, and that the word 
"comprises* has a corresponding meaning. 

For the purposes of this specification 
"orthogonal cleavage" is defined as the regioselective 
cleavage of a hydroxy or amino protecting group from a 
carbohydrate, in which the cleavage conditions do not 
compromise the stability of the other protecting or 
functional groups on the molecule. Such cleavages can be 
effected in any order of priority. -Cleaved orthogonally- 
and -orthogonal cleavage- are taken to be synonymous. 

DETAILED DESCRIPTION OF THE INVENTION 

Abbreviations used herein are as follows: 

Alloc Allyloxycarbonyl 

Bn Benzyl 

Bu Butyl 

DCM Dichloromethane 

Dde N-1- (4, 4-Dimethyl-2 , 6-dioxocyclohexylidene) ethyl 
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6-HYdroxy-6- (4, 4-diinethYl-2, 6-dioxocyclohe^«yl- 
idene) ethyl 

N, N' -Dimethylaminopyridine 
M,N' -Dimethyl f ormamide 

Dimethyl (methylthio) sulphoniumtrif luoromethane- 
sulphonate 

l-isobutyloxycarbonyl-2-isobutyloxy-l . 2-dihydro- 

quinoline 

Ethyl acetate 
Ethanol 

Fast atom bombardment mass spectrometry 
High resolution mass spectrometry 
F 1 uor ome t ho j<y c a r bony 1 
Methyl benzyhydiryamine resin 
Methyl 
Methanol 

p-Nitrobenzyl-sulphonylethyloxycarbonyl 
Nuclear magnetic resonance 

4-{N- tl- (4,4-dimethyl-2, 6-dioxocyclohexylidene) - 
3 -methylbutyl] -amino} benzyl alcohol 
Polyethylene glycol 
Tertiary-butyl 
Trifluoroacetic acid 
Tetrahydrofuran 
2,2, 2-Trichloroethoxycarbonyl 

The invention provides universal building blocks 
which are useful in the solution and solid phase synthesis' 
of oligosaccharides. The reaction scheme for synthesis of 
each target molecule is designed so as to specify the 
orthogonally-protected functional groups which must be 
freed for glycosylation, and those which need to be capped 
wrth a protecting group such as benzyl, benzoyl, or another 
such group which remains uncleaved until the end of the 
synthesis, in order to avoid competition during 
glycosylations later in the synthesis. 



EtOAc 

EtOH 

FAB -MS 

HRMS 

Fmoc 

MBHA 

Me 

MeOH 

NCS 

NMR 

ODmab 



tBu 
TFA 
THF 
Troc 
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When participation during the glycosylation 
reaction is required, the 2-hydroxyl is selectively 
deprotected and re-protected with a benzoyl group which, 
again, remains until the completion of the synthesis. In 
the case of 2-deoxy 2-aminosugars, if participation or 
stereoselectivity is required the Dde group might be 
removed and replaced with a tetrachlorophthaloyl or 2,5- 
dimethylpyrrole group. 

Example 1 Synthesis of an Exemplary Tetrasaccharide 

A strategy for synthesis of the tetrasaccharide 
of formula VI is set out in Scheme 1. 




VI 
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In solution phase, protecting groups A and C from 
the first sugar residue of the target molecule (residue 
[4]) are selectively removed, and the sites capped by a 
permanent protecting group, eg. benzoyl group. The residue 
is then coupled to the resin, followed by selective removal 
of protecting group B. In solution phase, protecting group 
A from sugar residue [3] is selectively removed, and the 
site is capped by a permanent protecting group. Residue 
[3] is then linked to the res in -bound sugar residue via a 
glycosylation reaction. Protecting group C from the new 
disaccharide is removed, and residue [2] is linked via a 
glycosylation. Protecting group A is finally selectively 
removed to regenerate the 6-hydroxyl group, which is linked 
with residue 1. 
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Exainple 2 Synthesis of an Orthogonally Protected 

Thioglycoside Building Block, Methyl 6-0- (t- 
butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2- 
deoxy-2- [1 - ( 4 , 4-dimethyl-2 , 6 -dioxocyclohex-1- 
ylidene) ethylamino] -4-0-tetrahydropyranyl-l- 
thio-^-Dgluco(pyrano8ide (5> 



7HPI 



07BDPS 



NH / NH 



Methyl 4, 6-0-benzylidene-2-deo3cy-2- tl- (4 , 4-diinethyl- 
2. 6dioxocyclGhex-l-ylidene>ethylamino] -1-thio-P-D 
glucopyranoside (1) 

A mixture of methyl 2-deoxy-2- [1- (4 , 4-diinethyl- 
2, 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-p-D 
glucopyranoside (20 g, 54inmol), a,a-dimethoxytoluene 
(9.78 g, 64 inmol) and p-toluenesulphonic acid (50 mg) in 
dry acetonitrile (100 mL) , was stirred at BO^C for 2 hours. 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine . The 
solvent was removed in vacuo, the residue was taken up in 
CHzClj (200 ml), washed with brine (50 ml), with water 



- 15 - 

(50 ml) and dried over MgS04. The organic phase was 
concentrated to give a yellow solid, methyl 
4, 6-0-benzylidene-2-deoxy-2- [1- (4, 4 -dimethyl -2 , 6- 
dioxocyclohex-l-ylidene) ethylamino] -1-thio-p -D 
glucopyranoside (24.5 g, 98%) . 

Methyl 4, e-O-bexLzylldene-S-O- (p-clilorobeiiaoyl) -2-deoacy-2- 
[ 1- { 4 , 4 -dlmetlsyl -2 , 6 -dioxocyclohex-l-ylidene ) etfaylamino] -1- 
tbio-p-D glucopyranos ide ( 2 ) 

A mixture of methyl 4, 6-0-benzylidene-2-deoxy-2- [1- (4, 4- 
dimethyl-2 , 6 -dioxocyclohex-l-ylidene) ethylamino] -1-thio-p - 
D-glucopyranoside (1)(6.3 g, 13.5 itmol) , 
p-chlorobenzoylchloride {2.6 ml, 20 mmol) and 
4-dimethylaminopyridine (2.44 g, 40 mmol) in dry 
1,2-dichloroethane (100 m] ) , was stirred at room 
temperature overnight. The resultant suspension was 
filtered, the filtrate diluted with chloroform (100 ml) and 
washed with diluted brine (3 x 50 ml, HzO/Brine, 2/1). The 
organic phase was dried over MgS04 and the solvent removed 
in vacuo to give yellow solid. The residue chroma tographed 
EtOAc/Hexane 1:1 as the mobile phase to give methyl 4,6-0- 
benzylidene-3 -O- (p-chlorobenzoy 1 ) -2-deoxy-2 - [ 1- (4 , 4- 
dimethyl-2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-P - 
D-glucopyranoside (2) (6.4 g, 80%). 

Methyl 3-0- (p-chlorobeixzoyl ) -2-deoxy-2 - II - £ 4 , 4-diiiiethyl - 
2 , C-dioxocyclohex-l-ylidene) otlorlainiao] -l-thlo-p-D 
glucopyranoside (3) 



A mixture of methyl 4, 6-0-benzylidene-3-0- (p- 
chlorobenzoy 1 ) - 2 -deoxy- 2 - [ 1 - ( 4 , 4 -dimethyl -2,6- 
dioxocyclohex-l-ylidene) ethylamino] -l-thio~P -D 
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glucopyranoside (2) (2.51 g, 4.20 mmol) and 50% aqueous 
solution of tetrafluoroboric acid (1 ml) in acetonitrile 
(25 mL) , was stirred at room temperature for 2 hours. The 
pH was adjusted to 7 with the addition of triethylamine and 
the resultant suspension concentrated. The residue was 
crystallised from diisopropyl ether-ethyl acetate to give 
methyl 3-0- (p-chlorobenzoyl) -2-deo5Qr-2- [1- (4, 4 -dimethyl - 
2 , 6-dioxocyclohex-l-ylidene) ethylamino] -1-thio-p-D 
glucopyranoside (3) (1.7 g, 79%). 

Methyl 6-0- (t-butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2~ 
deoxy-2- [1- {4,4-dijiietl]yl-2, 6-dloxocyclohex-l- 
ylidene) ethylamino] -1-tliio-p-D glucopyranoside ( 4 > 

A mixture of methyl 3-0- (p-chlorobenzoyl) -2-deoxy-2- [1- 
(4, 4-diniethyl-2, 6-dioxocyclohex-l-ylidene) -ethylamino] -1- 
thio-p -D-glucopyranoside (3) (1.00 g, 1.95 mmol), t- 
butyldiphenylsilylchloride (536 mg, 1.95) and 
4-dimethylaminopyridine (238 rag, 1.95 mmol), in 
1,2-dichloroethane (30 mL) , was stirred under reflux for 
6 hours. The reaction mixture was cooled to room 
temperature, diluted with chloroform (60 mL) and washed 
with diluted brine (3 x 50 mL, brine/water, 1:2), dried 
over MgSO*. The solvent was removed in vacuo and the 
residue was chromatographed using hexane - EtOAc 1:1 as the 
mobile phase to give a white solid, methyl 6-0- (t- 
butyldiphenylsilyl) -3-0- (p-chlorobenzoyl) -2-deoxy-2- [1- 
(4, 4-dimethyl-2, 6-dioxocyclohex-l-ylidene) ethylamino] -1- 
thio-p-D-glucopyranoside (4) (1.1 g, 75%). 
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Metliyl 6 -O- ( t -butyldiphenylsilyl ) -3 -O- {p-chlorobenzaiyl ) -2 - 
deoxy-2- [1- (4,4-dimethyl-2, 6-dioxocyclohex-l- 
ylidene ) ethylamlxio] -4 -o-tetrabydropyranyl - 1 -thio-p-D 
5 glucopyranoside (5) 

A mixture of methyl 6-0- (t-butyldiphenylsilyl) -3-0- (p- 
chlorobenzoyl) -2-deo}^-2- [1- ( 4 , 4-dimethyl-2 , 6- 
dioxocyclohex-l-ylidene) ethylamino] -1-thio-p-D- 

10 glucopyranoside (500 mg, 0.6 mmol), 3 , 4-dihydro-2H-pyran 
(5 mL) and p-toluenesulphonic acid (5 mg) in dry 
acetonitrile (10 mL) was stirred at room temperature for 
1 hour. The reaction mixture was adjusted to pH 7 with the 
addition of triethylamine and then evaporated to dryness. 

15 The residue was taken up in dichloromethane (30 mL) , washed 
with water (2 x 10 mL) and the organic phase dried over 
MgS04. The solvent was removed In vacuo and the residue 
was chromatographed using hexane - EtOAc 2:1 as the mobile 
phase to give methyl 6-0- ( t-butyldiphenylsilyl ) -3-0- (p- 

20 chlorobenzoyl ) -2 -deoxy-2 - [1- {4, 4 -dime thy 1-2, 6- 

dioxocyclohex-l-ylidene) ethylamino] -4-0-tetrahydropyranyl- 
1-thio-p-D-glucopyranoside (5) (420 mg, 85%) . 
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Synthesis of an Orthogonally Protected 
Tfaioglycoside Buildinsj Block, methyl 2- 
azido-6-0- { t-butyldiphenylsilyl) -2-deoxy-3- 
O- {4-methoxybenzyl) -4-0-bipheniylcarboiiyl-l- 
thio-p-D glucopyranoside 



1 

OTBI»S OTOM'S OH 

MeOBno\..*-^^0^SMe Me(»iioA^i^^^^A--S(i^ MeOftS^^^^-A-- SW 



Methyl 2-aaido-4, 6-0-benzylidene-2-deoxy-l-thio-p-D 
10 gluccipyranoslde (7) 

A mixture of methyl 2-azido-2-deoxy-l-thio-P -D 
glucopyranoside (6) (lOg, 4.25 mmol), a,a-dimethoxytoluene 
{9.71 g, 64 mmol) and p-toluenesulphonic acid (50 mg) in 

15 dry acetonitrile (100 mL) , was stirred at 60°C for 2 hours. 
The reaction mixture was cooled to room temperature and 
adjusted to pH 7 with the addition of triethylamine. The 
solvent was removed in vacuo. The residue was taken up in 
CHjCla {200 mL) , washed with brine (50 mL) , with water 

20 {50 mL) and dried over MgS04 . The organic phase was 

concentrated to give a white solid, methyl 2-azido-4, 6-0- 
benzylidene-2-deoxy-l-thio-P-D glucopyranoside (7) (10.5 g, 
73%) . 
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Metl^yl 2-aziao-4, 6-0-benzylidene-2-deoxy-3-0-{4- 
methoxybenzyl) -l-ttio-p-D glucopyranoside (8) 

A suspension of sodium hydride {1.0 g, 41.8 mmol) in dry 
5 DMF (50 mL) was cooled to 0 °C, and a solution of methyl 2- 
azido-4, 6-0-benzylidene-2-deoxy-l-thio-p-D glucopyranoside 
(7) (9.0 g, 27.8 mmol) in dry DMF (50 mL) was added 
dropwise in 30 minutes. The resulting solution was stirred 
at 0 '""C for 3 0 minutes and 4-methoxybenzyl chloride (6.54 

10 g, 41.8 mmol) was added dropwise at 0 ^C. The reaction 

mixture was stirred at room temperature overnight, cooled 
to 0 °C and dry methanol (5 mL) was added dropwise. The 
reaction mixture was concentrated under reduced pressure, 
then xylene (50 mL) was co-evaporated from the residue. The 

15 residue was taken up in CHCI3 (200 mL) washed with H2O (400 
ml), saturated NaHCOs solution (200 mL) dried over MgSO* 
and evaporated to dryness . The residue was crystallized 
from EtOH to give methyl 2-azido-4, 6-0-benzylidene-2-deoxy- 
3-O- (4-methoxybenzyl ) -1-thio-P-D-glucopyranoside (8) (9,0 

20 g, 73%) as white crystalline solid. 

Methyl 2-azido-2-deoxy-3-0- (4-inetlioxybeiizyl) -l-tlxio-(3-D - 
glucopyranos ide { 9 ) 

25 A mixture of methyl 2 azido-4, 6-O-benzylidene-2-deoxy-3-0- 
( 4-methoxybenzyl ) -1-thio-P-D glucopyranoside (8) (12.0 g, 
27.08 mmol) and p-toluenesulphonic acid (3 00 mg) in MeOH - 
MeCN 1:1 (400 mL) was stirred at 50 for 1 hour. The 
reaction mixture was evaporated, the residue was 

30 chromatographed using CHCl, - EtOAc gradient to give methyl 
2 -azido-2-deoxy-3-0- {4-methoxybenzyl) -l-thio-(i-D- 
glucopyranoside (9) (8.21 g, 88%) . 
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Methyl 2-azldo-6-0-tert-butyldlphenylsilyl-2-deoxy-3-0- (4- 
aethoacybenByl) -l-thio-p-D glucopyranoside < 10 > 

A mixture of t-butyldiphenylsilyl chloride (8.66 g, 31.53 
5 mmol) , 4-dimethylaininopyridine (5.12 g, 42.04 mmol) and 
methyl 2-a2ido-2-deoxy-3-0- (4-methoxybenzyl} -1-thio-p-D- 

glucopyranoside (9) (7.21 g, 21.02 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred at 80°C for 2 hours. 
The resulting clear solution was cooled to room 

10 temperature, diluted with CHCI3 (300 mL) , washed with H2O 
(3 X 200 mL) , brine solution (200 mL) , dried over MgS04 and 
evaporated. The residue was purified by chromatography 
using hexane - ether 2:1 as the mobile phase to give methyl 
2-azido-6 -O- 1 ert-buty Idipheny 1 3 ily 1 -2 -deoxy-3 -O- { 4 - 

15 methoxybenzyl) -1-thio-P-D glucopyranoside (10) (9.73 g, 
80%) . 

Methyl 2-azldo-6-0-tert-butyldipheiiylsilyl-4-0- 
bipheiiylcarbonyl-2-deo3ey-3-0- (4-inet:li03cybenzyl) -1-tliio-p-D 
20 glucopyranoside {11} 

A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2- 
deoxy-3-O- (4-methoxybenEyl) -1-thio-P-D glucopyranoside (10) 
(12.7 g, 21.46 mmol), 4-dimethylaminQpyridine (5.23 g, 
42.92 mmol) in dry 1, 2-dichloroethane (100 mL) was stirred 

25 at room temperature. Biphenylcarbonyl chloride (6.97 g, 

32.19 mmol) was added to the stirred reaction mixture in 15 
minutes. After the addition the resulting suspension was 
stirred under reflux for 3 hours. The reaction mixture was 
cooled to lO^C and filtered. The crystalline solid was 

30 washed on the funnel with dry 1, 2-dichloroethane (50 mL) 
and filtered. The filtrates were combined, diluted with 
CHCI5 (200 mL) and washed twice with diluted brine solution 
(water-brine 2:1) (150 mL) . The organic layer was dried 
over MgS04 and evaporated. The residue was crystallized 

35 from EtOH (75 mL) to give methyl 2-azido~6-0-tert- 
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butyldiphenylsilYl-4-0-biphenylcarbonyl-2-deoxy-3-0- (4- 
methojc/benzyl) -1-thio-p-D-glucopyranoside (11) (12.7 g, 
76%) 

5 Bxasqple 4 Synthesis of an Ortbogonally Protected 

Thioglycoside Building Block, methyl 2-azido-6-0- (t- 
butyldiphenylsilyl) -2-deoxy-3-0- (4-iiiethoxybenayl) -4-0- 
biphe^ylcarboi^yl -1 - thio- ^-D-galactopyranoside ( 17 ) 




Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-l-thlo~p-D 
galactopyranoside (13) 

15 A mixture of methyl 2-azido-2-deoxy-l-thio-p -D- 
galactopyranoside (12) (3.0 g, 12 . 7 6 mmol ) , a,a- 
dimethoxytoluene (2.91 g, 19.14 mmol) and p- 
toluenesulphonic acid {30 mg) in dry acetonitrile (15 mL) , 
was stirred at 70«C for 20 minutes. The reaction mixture 

20 was cooled to room temperature and adjusted to pH 7 with 
the addition of triethylamine. The solvent was removed in 
vacuo and the residue was taken up in CH2CI2 (100 mL) , 
washed with brine (50 mL) , with water (50 mL) and dried 
over MgSO,. The organic phase was concentrated to give a 
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white solid, methyl 2-azido-4, 6-0-benzylidene-2-deoxy-l- 
thio-P-D-galactopyranoside (13) (3.09 g, 75%). 

Methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- (4- 
5 methoxybenzyD-l-thio-p-D-galactopyranoBide (14) 

A suspension of sodium hydride (123 mg, 4.87 mmol) in dry 
DMF (10 mL) was cooled to 0 °C, and a solution of methyl 2- 
a2ido-4, 6-0-benzylidene-2-deoxy-l-thio-|3-D- 
galactopyranoside (13) (1.05 g, 3.25 mmol) in dry DMF (10 
mL) was added dropwise in 30 minutes. The resulting 
solution was stirred at 0 °C for 30 minutes and 4- 
methoxybenzyl chloride (763 mg, 4.87 mmol) was added 
dropwise at 0 "C . The reaction mixture was stirred at room 
temperature overnight, cooled to 0 °C and dry methanol (2 
mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (25 mL) 
was co-evaporated from the residue. The residue was ta)cen 
up in CHCl, (50 mL) washed with H2O (40 ml), saturated 
NaHCOj solution (50 mL) dried over MgSO^ and evaporated to 
dryness. The residue was crystallized from EtOH (10 mL)to 
give methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- (4- 
methoxybenzyl) -1-thio-P-D-galactopyranoside (14) (1.0 g, 
70%) as white crystalline solid. 

Methyl 2-azido-2-deoxy-3-0- {4-iiiethoxybeiizyl) -l-thio-P-D- 
galactopyranoside (15) 

A mixture of methyl 2-azido-4, 6-0-benzylidene-2-deoxy-3-0- 
30 (4-methoxybenzyl) -1-thio-p-D-galactopyranoside (14) (500 
mg, 1.12 mmol) and p-toluenesulphonic acid (10 mg) in MeOH 
- MeCN 1:1 (50 mL) was stirred at 50 C for 1 hour. The 
reaction mixture was evaporated, the residue was 



15 



20 
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chromatographed using CHC13 - EtOAc gradient to give methyl 

2-azido-2-deoxy-3-0- (4-niethoxybenzyl) -1-thio-p-D- 
galactopyranoside (15) {309 mg, 80%) 

5 Methyl 2-azido-6-0-tert-butyldiplienylsilyl-2-deo3cy-3-0- (4- 
methoxybenzyl) -l-thio-P-D-galactopyreuioside (16) 

A mixture of t-butyldiphenylsilyl chloride {151 
mg, 0.54 mmol) , 4-dimethylaminopYridine (90 mg, 0.73 mmol) 

10 and methyl 2-azido-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p- 
D-galactopyranoside (15) (130 mg, 0.36 mmol) in dry 1,2- 
dichloroethane (8 mL) was stirred at 80°C for 2 hours. The 
resulting clear solution was cooled to room temperature, 
diluted with CHCI3 (20 mL) , washed with H2O (3 x 20 mL) , 

15 brine solution (2 0 mL) , dried over MgSO* and evaporated. 
The residue was purified by chromatography using hexane - 
ether 2:1 as the mobile phase to give methyl 2-azido-6-0- 
tert-butyldiphenylsilyl-2-deoxy-3-0- {4-methoxybenzyl) -1- 
thio-P-D-galactopyranoside (16) (142 mg, 68%) . 

20 

Methyl 2 -azido-6 -0-tert -butyldiphenylsilyl-4 -0- 
biphenylcarboiiyl-2-deoxy-3-0- (d-n^tboxybensyl) -1-thio-P-D- 
galactopyranoside (17) 

25 A mixture of methyl 2-azido-6-0-tert-butyldiphenylsilyl-2- 
deoxy-3-0- (4-methoxybenzyl ) -l-thio-p-D-galactopyranoside 
(16) (213 mg, 0.36 mmol), 4-dimethylaminopyridine (67 mg, 
0.55 mmol) in dry 1, 2-dichloroethane (10 mL) was stirred at 
room temperature. Biphenylcarbonyl chloride (119 mg, 0.55 

30 mmol) was added to the stirred reaction mixture. The 

resulting suspension was stirred under reflux for 3 hours. 
The reaction mixture was cooled to lO^C and filtered. The 
crystalline solid was washed on the funnel with dry 
1, 2-dichloroethane (5 mL) and filtered. The filtrates were 
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combined, diluted with CHCI3 (20 mL) and washed twice with 
diluted brine solution (water-brine 2:1) (15 mL) . The 
organic layer was dried over MgS04 and evaporated. The 
residue was purified by chromatography using hexane - CHCI3 
5 1:1 as the mobile phase to give methyl 2-azido-6-0-tert- 
bu ty Idipheny 1 si ly 1-4-0 -b ipheny 1 car bony 1 - 2 -deoxy- 3 -O- ( 4 - 
methoxybenzyl) -1-thio-p-D-galactopyranoside (17) (180 mg, 
65%) . 

10 Examgple 5 



15 



Synthesis of an. Orthogonally Protected 
Thioglycoside Building Block, Methyl 6-0- (t- 
butyldiphenyl s i ly 1 ) -2 -deoxy- 2-1(1,3- 
cliiiiethyl-2,4, 6 (IH, 3H, 5H) -trioxopyrimidin~5- 
ylidene}iBethylaiaino] -3-0- (4-methoxybenzyl) - 
4-0-biphenylcarboiiyl-l-thio-p-D- 
glucopyraxioside ( 23 } 
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Metityl 2-deoxY-2 - t ( 1, 3-dimethyl-2, 4, 6 { IH, 3H,5H) - 
t rioxopyrimidin-5 -ylidene) netliylamino J - l.-tli±o-p-D- 
glucopyranoside (19) 

5 To methyl 2-deoxy-2- [1- (4,4-diniethyl-2, 6-dioxocyclohex-l- 
ylidene) -ethylamino]-l-thio-P-D-glucopyranoside (18) (100 g, 
268 mmol) was added cone, ammonia solution (300 inL) and the 
reaction mixture was stirred at 100 C° for 1 hour. The 
suspension was cooled to room temperature and filtered. The 
10 filtrate was washed with CHCl, (3x200 mL) , then the aqueous 
phase was evaporated under reduced pressure. The residue 
was taken up in EtOH : benzene 1:1 (250 raL) and evaporated 
to dryness. 

The residue was taken up in hot MeOH (600 mL) and 1, 3- 

15 dimethyl-5- [ (dimethylamino) methylene] 2, 4, 6 {IH, 3H, 5H) - 
trioxopyrimidine (Wow- reagent) (62.27 g, 294.9 mmol) in hot 
MeOH (120 mL) was added. /Synthesis of 1, 3-Dimethyl-5- 
[ (dimethylamino) methylene] 2, 4, 6 (IH, 3H, 5H)- 
trioxopyrimidine (Wow-reagent) : N, N-Dimethylf ormamide 

20 dimethyl acetal (252 g, 2.11 mol) was stirred at 0°C in 

CHCl, (750 mL) . 1, 3-Dimethylbarbituric acid (300 g, 1.92 
mol) in CHCI3 (2100 mL) was added to the stirring acetal 
solution over 2 hours. The CHCl, was evaporated immediately 
following complete addition and the resulting residue re- 

25 suspended in CHCI3 (2000 mL) and washed with water (3x600 
mL) and saturated brine solution (600 mL) . The organic 
phase was dried over MgSO^, filtered and evaporated to 
dryness under high vacuum. The residue was re-suspended in 
diethyl ether (750 mL) , filtered and washed on the funnel 

30 with additional diethyl ether (500 mL) to yield 1, 3 

Dimethyl-5- [ (dimethylamino) methylene] 2, 4, 6 (IH, 3H, 5H)- 
trioxopyrimidine as a pale-yellow solid (271.85 g, 67%)./ 
The reaction mixture was stirred under reflux for 30 
minutes, then cooled to room temperature. The resulting 

35 suspension was filtered, the solid was washed with MeOH 

(150 mL) , ether (150 mL) , dried to give methyl 2-deoxy-2- 
[ (l,3-dimethyl-2,4,6(lH,3H,5H) -trioxopyrimidin-5- 
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ylidene)methYlamino] -l-thio-p-D-glucopyranoside (19) (83 g, 
90%) . 

Hethyl i, 6-0-beiizylldene-2-deoxy-2- [ (1, 3-diiiietlvl- 
5 2, 4, 6 ( IH, 3H, 5H) -trioxopyriniidln-5-Ylidene)ifteth.ylaiiiliio] -1- 
thio-p-D-glucopyranoBide (20) 

A mixture of methyl 2-deoxy-2- [ (1, 3-dimeth.yl- 

2,4,6 (IH, 3H, 5H) -trioxopyriinidin-5-ylidene)methylamino] -1- 

10 thio-p-D-glucopyranoside (19) (84.64 g, 226,31 mmol), a,a- 
dimethoxytoluene (51.66 g, 339.46 mmol) and p- 
toluenesulphonic acid (500 mg) in dry acetonitrile 
(600 mL) , was stirred at SO°C for 2 hours. "Fhe reaction 
mixture was cooled to room temperature and filtered. The 

15 solid was washed with ether (200 mL) , dried to give methyl 
4, 6-0-benzylidene-2-deoxy- [ (1 , 3-dimethyl-2 , 4, 6 (IH, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -1-thio-p-D- 
glucopyranoside (20) (80 g, 77%) . 

20 Het:liyl 4, 6-0-benzylideiie~2-deoxy--2- [ (1, S-dinethyl- 

2, 4, 6 ( IH, 3H, 5H) -trioxorpyrimidin-S-ylldenejinetliylamino] -3-0- 
(4-niethoxyben2yl) -l-thio-^-D-glucopyranoside (21) 

A suspension of sodium hydride (6.82 g, 269.97 mmol) in dry 
25 DMF (50 mL) was cooled to 0 "C, and a solution of methyl 

4, 6-0-benzylidene-2-deoxy-2-[ (l,3-dimethyl-2,4, 6 (lH,3H,5H)- 
trioxopyrimidin-5-ylidene)methylamino] -1-thio-P-D- 
glucopyranoside (20) (50 g, 107.99 mmol in dry DMF (200 mL) 
was added dropwise in 30 minutes. The resulting solution 
30 was stirred at room temperature for 30 minutes and 4- 
metho3cybenzyl chloride (37.36 g, 238.56 iranol) was added 
dropwise at 0°C. The reaction mixture was stirred at room 
temperature overnight, cooled to 0 °C and dry methanol (10 
mL) was added dropwise. The reaction mixture was 
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concentrated under reduced pressure, then xylene (200 itiL) 
was co-evaporated from the residue. The residue was taken 
up in CHCI3 (1000 mL) washed with H2O (1000 ml), saturated 
NaHCOj solution (1000 mL) dried over MgS04 and evaporated 
5 to dryness. The residue was crystallized from EtOH to give 
methyl 4, 6-0-benzylidene-2-deo3sy-2- [ {1, 3 -dimethyl - 
2,4,6 (IH, 3H, 5H) -trioxopyrimidin-5-ylidene)methylaminol -3-0- 
(4-methoxybenzyl) -1-thio-p-D-glucopyranoside (21) (52.21 g, 
82%) . 

10 

Btetfayl 2 -deoxy-2 -[(1,3 -dimethyl -2,4,6(1H,3H,5H}- 

trioxopyrimidln-5-ylidene)inetliylamino] -3-0- (4- 
methoxybenzyl ) -l-thio-P-D-glucopyranoside (22 ) 

15 A mixture of methyl 4, 6-0-benzylidene-2-deoxy-2- [ (1, 3- 

dimethyl-::^ ,4,6 (IH, 3H, 5H) -trioxopyrimidin-S- 
ylidene)inethylamino] -3-0- (4 methoxybenzyl ) -1-thio-p-D- 
glucopyranoside (21) (52.21 g, 89.55 mmol and p- 
toluenesulphonic acid (200 mg) in MeOH - MeCN 1:1 (400 mL) 

20 was stirred at 50 C" for 1 hour. The reaction mixture was 
evaporated, the residue was chromatographed using CHC13 - 
MeOn 10:1 as the mobile phase to give methyl 2-deoxy-2- 
[ (l,3-dimethyl-2, 4, 6 (IH, 3H,5H) - trioxopyrimidin-5- 
ylidene)methylamino] -3-0- (4-methoxybenzyl) -l-thio-|5-D- 

25 glucopyranoside (22) (31.0 g, 70%) 

Methyl 6-0-tert-batyldipli©nylsilyl-2-deoxy-2- [ (1,3- 
dimethyl -2,4,6(1H,3H,5H) -trioxopyr imidin- 5 - 
ylidenejmetbylamino] -3-0- (4-inethoxybenzyl) -1-thio-P-D- 
3 0 glucopyranos ide (23) 

A mixture of t-butyldiphenylsilyl chloride (16.65 g, 60.60 
mmol), 4-dimethylaminopyridine (9.85 g, 80.80 mmol) and 
methyl 2 -deoxy-2 -[(1,3 -dimethyl -2 , 4 , 6 ( IH , 3H , 5H ) - 
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trioxopyrimidin-5-ylidene)methylainino] -3-0- (4- 
methoxybenzyl) -1-thio-P-D-glucopyranoside (22) (20 g, 40.4 
mmol} in dry 1, 2-dichloroethane (200 mL) was stirred at 
80°C for 2 hours. The resulting clear solution was cooled 
5 to room temperature, diluted with CHCI3 (200 itiL) , washed 
with H20 (3 X 500 mL) , brine solution (500 mL) , dried over 
MgSO, and evaporated. The residue was purified by 
chromatography using 1, 2-dichloroethane - EtOAc 10:1 as the 
mobile phase to give methyl 6-0-tert-butyldiphenylsilyl-2- 
10 deoxy-2-[ (1, 3 -dimethyl -2, 4, 6 ( IH, 3H, 5H} -trioxopyrimidin-5- 
ylidene)methylamino] -3-0- ( 4 -methoxybenzy 1 ) -1-thio-p-D- 
glucopyranoside (23) (23.3 g, 79%). 

Hetfayl 6-0-tert-butyldiphenylsilyl-4-o-biphei^lcarboi:vl-2- 
15 de03cy-2- ( (1, 3-dimethyl-2,4, 6 (IH, 3H, 5H) -trioxcjpyrimidin-S- 
ylldene)metliylamino] -3-0- (A-wethoxybenzyl) -l-thio-P-D- 
glucopyranos ids ( 24 ) 

A mixture of methyl 6-0-tert-butyldiphenylsilyl-2-deoxy-2- 

20 [ (1, 3 -dimethyl -2, 4, 6 (IH, 3H,5H) trioxopyrimidin-5- 

ylidenejmethylamino] -3-0- (4 -methoxybenzy 1) -1-thio-P-D- 
glucopyranoside (23) (10.0 g, 13.64 mmol), 4 
dimethylaminopyridine (2.5 g, 20.46 mmol) in dry 1,2- 
dichloroethane (100 mL) was stirred at room temperature. 

25 Biphenylcarbonyl chloride (4.42 g, 20.46 mmol) was added to 
the stirred reaction mixture. The resulting suspension was 
stirred under reflux for 3 hours. The reaction mixture was 
cooled to 10°C and filtered. The crystalline solid was 
washed on the funnel with dry 1, 2-dichloroethane (20 mL) 

30 and filtered. The filtrates were combined, diluted with 

CHCI3 (100 mL) and washed twice with diluted brine solution 
(water-brine 2:1} (150 mL) . The organic layer was dried 
over MgSO^ and evaporated. The residue was purified by 
chromatography using hexane - CHClj 1:1 as the mobile phase 

35 to give methyl 6-0-tert-butyldiphenylsilyl-4-0- 
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biphenylcarbonYl-2-deoxy"2- [ ( 1 , 3 -dimethyl-2 , 4 , 6 (IH, 3H, 5H) - 
trioxopyriinidin-5-ylidene)methylamino] (4- 
methoxybenzyl) -1-thio-p-D-glucopyranoside (24) {9.5 g, 
75%) . 

Examgple 6 Synthesis of an Orthogonally Protected 

Thloglycoside Building Bloclc, Methyl 6-0-(t- 
butyldiphenyls ily I ) - 2 - 0- ( 4 -methoacybenzy 1 ) - 3 - O-al lyl -4-0- 
acetyl-l-thio-p-D-galactopyranoside ( 6 ) 



OH OH 



yriy UH O witJurs 

HcS^-^^;\^SMe HO^i^-^^^^SMe ''^oS^^^O^SM 
25 OH 26 OH ^^27 OH 

I 

OH OTBDPS OH OTBDPS o OTBK« 

AloS^^-\^ SMe HC^^^*\^ SMe ^^oS^^^X^ SI 



AoO OTBDPS 

Alo\,^^'^*.\^ SMe 

OBiOMe 

Methyl 6-0- ( t-butyldiphenylsilyl) -l-thio-|3-D- 
galactc>pyrano8ide (26) 

A mixture of methyl 1-thio-p-D-galactopyranoside (25) (5 g, 
28 itimol), chloro t-butyldiphenylsilane (5.85 g, 21 mmol) 
and DMAP (2.63 g, 21 rnmol) in dry 1, 2 -dichloroethane (130 
mL) was left to stir at reflux for 2.5 h. The reaction 
mixture was cooled to room temperature, diluted with 
dichloromethane (2 00 mL) and washed with saturated sodium 
chloride solution (2 x 250 mL) , The organic phase was 
dried over MgSO« and subsequently evaporated to dryness to 
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give methyl ( t-butyldiphenylsilyl) -1-thio-p-D- 

galactopyranoside (26) (7.5 g, 81%) as a colorless oil. 

Methyl 6-0-(t -bu tyXdipheny 1 s i ly 1 ) - 3 , 4 - O- isoproiiyl Idene - 1 - 
thio-p-D-galactopyranoside {27) 

A mixture of methyl 6-0- (t-butyldiphenylsilyl) -1-thio-p-D- 
galactopyranoside (26) (7.4 g, 16.5 inmol) and p- 
toluenesulphonic acid (20 mg) in 2 , 2 -dimethoxypropane (100 
mL) was left to stir at room temperature for 2 h. The 
reaction mixture was then neutralized with triethylamine (1 
mL) and evaporated to dryness. The residue was dissolved in 
dichloromethane {250 mL) , washed with water (1 x 250 mL) , 
dried over MgS04 and evaporated to dryness to give methyl 
6-0- (t-butyldiphenylsilyl) -3, 4-0-isopropylidene-l-thio-p-D- 
galactopyranoside (27) (7.0 g, 87%) as a white solid. 

Metliyl 6-0- ( C-batyldiphenylsilyl ) -2- O- (4 -mothoxybenzyl ) - 
3,4-0-isoproi)ylideine-l-thio-p-D-galactppyraiioside (28) 

To a suspension of sodium hydride (95%, 0.53 g, 21 mmol) in 
20 dry DMF (100 mL) at 0° C°, was added dropwise methyl 6-0- 

( t-butyldiphenylsilyl) -3 , 4-O-isopropylidGne-i -thio P-D-^ 
galactopyranoside (27) (6.8 g, 13.9 mmol ) as a solution in 
dry DMF (25 mL) in 5 minutes. The resulting mixture was 
left to stir at 0 C" for 15 min and then at room 

25 temperature for 1 h. The mixture was then cooled to 0 C" 
and a solution of 4-methoxybenzyl chloride (3.27 g, 21 
mmol) in dry DMF (25 mL) was added dropwise, over 5 min. 
The reaction mixture was left to stir at 0° C for 15 min 
and then at room temperature for 16 h. After this period 

30 the reaction was neutralized with absolute ethanol (15 mL) 
at 0° C, and then evaporated to dryness. The residue was 
taJcen up in chloroform (400 itiL) , washed with water (300 mL) 



10 
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and saturated sodium bicarbonate solution {300 mL) , The 
organic phase was dried over MgS04 and evaporated to 
dryness to give the crude product as an orange oil (~9 g) . 
The crude material was chromatographed using EtOAc - hexane 
5 25 : 75 as the mobile phase to give methyl 6-0- ( t- 
butyldiphenylsilyl) -2-0- (4-methoxybenzyl) -3,4-0- 
isopropylidene-l-thio-P-D-galactopyranoside (28) as a pale 
yellow oil (6.5 g, 77%). 

10 

Methyl 6-0-(t-l>utyldipheiiylsilyl) -2-0-(4-methoxybenzyl) -1- 
thio-P-D-galactopyranoside (29) 

A suspension of methyl 6-0- ( t-butyldiphenylsilyl) -2-0- ( 4- 
methoxybenzyl ) -3 , 4-0-isopropylidene-l-thio-p-D- 

15 galactopyranoside (28) (6.4 g, 10.5 mmol) in acetic acid 
(80%, 150 mL) was left to stir at 70 C for 1.5 h. The 
reaction mixture was evaporated to dryness and the 
remaining residue was chromatographed using EtOAc - hexane 
1 : 1) to give methyl 6-0- (t-butyldiphenylsilyl) -2-0- (4- 

20 methoxybenzyl) -1-thio-p-D-galactopyranoside (29) as a pale 
yellow oil (3.0 g, 50%). 

Methyl 6-0- { t-butyldiph»nylsilyl) -2-0- (4-niethoxybeiizyl) -3- 
0-allyl-l-t:lLio-p-D-galactoi»yrazioslde (30) 

25 A mixture of methyl 6-0- ( t-butyldiphenylsilyl ) -2 -0- { 4- 
methoxybenzyl) -1-thio-p-D-galactopyranoside (29) (2.8 g, 
4.9 mmol) and dibutyl tin oxide (1.6 g, 6.4 mmol) in 
anhydrous methanol (200 mL) was stirred at reflux for 1 h. 
The reaction mixture was evaporated to dryness and the 

30 remaining residue dissolved in dry toluene (50 mL) . 

Tetraethylaramonixim bromide (1.34 g, 6.4 mmol) and allyl 
bromide (7.7 g, 64 mmol) were added. The reaction mixture 
was left to stir at reflux overnight. The reaction mixture 
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was cooled to room temperature and filtered. The filtrate 
was evaporated to dryness and the residue was purified by 
chromatography using EtOAc - hexane 15 : 85 as the mobile 
phase to give methyl 6-0- ( t-butyldiphenylsilyl) 2-0- {4- 
5 methoxybenzyl) ~3-0-allyl-l-thio-p-D-galactopyranoside (30) 
(1.5 g, 50%) as a pale yellow oil. 

Methyl 6-0- ( t-butyldiphonylsilyl) -2-0- (4-metho3cybenzyl) -3- 
O-allyl-4-O-acetyl-l-thio-p-D-galactopyraiioside (31) 

10 To a solution of methyl 6-0- ( t-butyldiphenylsilyl ) -2 -0- ( 4- 
methoxybenzyl ) -3-0-allyl-l-thio-P-D-galactopyranoside (30) 
(1.4 g, 2.3 mmol) in pyridine (30 mL) was added acetic 
anhydride (20 g, 196 mmol) in one portion. The resulting 
solution was left to stir at room temperature for 72 h. 

15 The reaction contents were then evaporated to dryness and 
the residue was dissolved in dichloromethane (200 mL) . The 
solution was washed with potassium hydrogen sulphate 
solution {IM, 2 x 150 mL) followed by saturated sodium 
chloride (150 mL) , dried over MgS04 and evaporated to 

20 dryness. The crude residue was purified by chromatography 

using dichloromethane as the mobile phase to give Methyl 6- 
O- (t-butyldiphenylsilyl) -2-0- ( 4 -methoxybenzyl ) -3-0-allyl-4- 
0-acetyl-l-thio-P-D-galactopyranoside (31) (750 mg, 48%) as 
a pale yellow oil. 

25 

Example 7 Selective Deprotection - Etherif ication 

study using an Orthogonally Protected 
Thioglycoside Building Block, Methyl 2- 
az ido- 6 -0-tert -butyldiphez^lsily 1 -4 -O- 
30 biphenylcarboiiyl-2-deoxy-3-0-(4- 

methoxybenzyl ) -l-tliio-j3-D glucopyranoside 
(11) 
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OTBDPS OTBDPS OTBDPS 

BPCO-^^i^R ► Q ^ Bncr-V^s^^R 

McOBnO-V-'^^r^V'SMe MedBnoX^-^^'^SME MeOBiiO.V*--^*^SN 

1 

HaV-'V-\-SMe McOBnD\,----^5-\^SMe lA^BnO-V--^^^ SI 



^0 



OB«Cl H ^ 



CH3. jy^H 



Methyl 2-azido-6-0-tert-but:yldipheiiylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl) -1-tliio-p-D-glucopyranoside {10 ) 

Sodium (89 mg) was reacted in dry MeOH (50 mDthen a 
solution of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- {4-methoxybenzyl) -1-thio-P- 
D-glucopyranoside (11) (3 g, 3.88 rrmol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 C° for 30 
minutes, then cooled to room tenperature. The solution was 
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neutralized by Amberlite IR 120 (H"") ion exchange resin. 
The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6-^ 
5 0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4-inethoxybenzyl) -1- 
thio-p-D-glucopyranoside (10) (2.1 g, 91%) 

Methyl 2-aaldo-4-0-benzyl-6-O-tert~butyldiplienylBilYl-2- 
deoiey-3 -0- ( 4-iiiethoxybenzyl ) -l-thio-P-D-glucopyrMOside ( 32 ) 

10 A suspension of sodium hydride (196 mg, 5.1 itimol) in dry 

DMF (10 mL) was cooled to 0 "'C, and a solution of methyl 2- 
azido-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4- 
methoxybenzyl) -1-thio-P-D glucopyranoside (10) (2.53 g, 4.3 
mmol) in dry DMF (20 mL) was added dropwise in 30 minutes. 

15 The resulting solution was stirred at room temperature for 
30 minutes and benzyl bromide (880 mg, 5.1 mmol) was added 
dropwise at 0 "^C, The reaction mixture was stirred at room 
teirperature overnight, cooled to 0 "C and dry methanol (1 
mL) was added dropwise. The reaction mixture was 

20 concentrated under reduced pressure, then xylene (20 mL) 
was co-evaporated from the residue. The residue was taken 
up in CHCI3 (100 raL) washed with H2O (100 ml), saturated 
NaHCO-i solution (100 mL) dried over MgSO^ and evaporated to 
dryness. The residue was purified by chromatography using 

2 5 EtOAc - Hexane 1 : 9 as the mobile phase to give methyl 2- 
azido-4-0-benzyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-O- 
{4-methoxybenzyl) -l-thio-fH>glucopyranoside (32) (2.0 g, 
68%) . 

30 Methyl 2-azido-4-0-benzyl-2-deoaey-3-0- (4-»ethoxybenzyl> -1- 
thio-P-D-glucopyranos ide ( 33 ) 

To a mixture of methyl 2-azido-4-0-benzyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- ( 4-methoxybenzyl ) -1-thio-p- 
D-glucopyranoside (32) (1.5 g, 2.2 mmol) and anhydrous AcOH 
35 (28.8 mL) in dry THF (169 mL) hydrogen fluoride -pyridine 
complex (20.3 mL) was added in a polypropylene container. 
The reaction mixture was kept at room temperature 



wo 00/42057 



PCT/AUOO/00025 



overnight, then diluted with EtOAc {1 L) . The resulting 
solution was washed with saturated sodium hydrogen 
carbonate (4 x 1 L) , saturated brine solution (1 L), dried 
over MgS04 and evaporated to dryness. The residue was 
5 crystallized from MeOH. The mother liquor was evaporated, 
the residue was treated with hexane to get more solid. The 
solid products were combined affording methyl 2-azido-4-0- 
benzyl-2-deoxy-3-0- ( 4 -met hoxy benzyl) -l-thio~P-D- 
glucopyranoside (33) (735 mg, 75%) . 

10 

Methyl 2-azido-4-0-benzyl-6-0- (4-chlorobenzyl> -2-deO3cy-3-0- 
( 4 -methoxybenzyl ) -1 -thio-P-D-glucopyranoside ( 34 > 

A suspension of sodium hydride (71 mg, 1.8 mmol) in dry DMF 
(5 mL) was cooled to 0 °C, and a solution of methyl 2- 

15 azido-4-0-benzyl-2-deoxy-3-0- (4-methoxybenzyl) -l-thio-^E>- 
glucopyranoside (33) (680 mg, 1.5 mmol) in dry DMF (5 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stirred at room temperature for 3 0 minutes and 4- 
chlorobenzyl chloride (295 mg, 1.5 mmol) was added dropwise 

20 at 0 "C. The reaction mixture was stirred at room 

temperature for 4.5 hours, cooled to 0 '^C and dry methanol 
(1 mL) was added dropwise. The reaction mixture was 
concentrated under reduced pressure, then xylene (10 mL) 
was co-evaporated from the residue. The residue was treated 

25 with hexane (10 mL) and filtered to give methyl 2-azido-4~ 
0-benzyl--6-0- (4-chlorobenzyl) -2-deoxy-3-0- (4- 
methoxybenzyl) -1-thio-p-D-glucopyranoside (34) (620 mg, 71 
%) . 

30 Methyl 2-azido-4-0-beiizyl-6-0- (4-chlorobenzyl) -2-deo3cy-l- 
thio-p-D-glucopyranoside (35) 

A mixture of methyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl) -2-deoxy-3-0- (4-raethoxybenzyl) -1-thio-p-D 
glucopyranoside (34) (580 mg, 1.01 mmol) and DDQ (270 mg, 
35 1-2 mmol) in CH2CI2 - HjO 9:1 (10 mL) was stirred at room 
temperature for 3 hours , The reaction mixture was washed 
with saturated NaHCO, solution (3 x 15 ml), dried over 
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MgS04 and evaporated. The residue was purified by 
chromatography using CHClj-Hexane-MeOH 30:20:0.5 as the 
mobile phase to give methyl 2-azido-4-0-benzyl-6-0- ( 4- 
chlorobenzyl) -2-deoxy-l-thio-P-D glucopyranoside (35) (300 
5 mg, 66%) . 

Hetbyl 2-azido-4-0-benzyl-6-0- (4-chlorobeiizyl) -2-deoxy-3-0- 
pentamethylbenssyl-l-tliio-p-D-glucopyraiioside (36) 

A suspension of sodium hydride {40 mg, 1.0 mmol, 60%) in 
dry DMF (5 mL) was cooled to 0 "C, and a solution of methyl 
2-azido-4-0-benzyl-6-O- (4-chlorobenzyl ) -2-deoj<y-l-thio-p-D 
glucopyranoside (35) (280 mg, 0.67 mmol) in dry DMF (5 mL) 
was added dropwise in 30 minutes. The resulting solution 
was stirred at room temperature for 30 minutes and 
pentamethylbenzyl chloride (200 mg, 1.0 imnol) was added 
dropwise at 0 "C. The reaction mixture was stirred at room 
temperature for 4 hours, cooled to 0 "C and dry methanol (1 
mlj) was added dropwise. TTie reaction mixture was 
concentrated under reduced pressure then xylene (10 mL) was 
co-evaporated from the residue. The residue was in EtOAc 
(100 mL) , washed with brine (2 x 100 mL) , dried over MgSO^ 
and evaporated. The resulting solid was suspended in hexane 
(50 mDand filtered to give methyl 2-azido-4-0-benzyl-6-0- 
( 4-chlorobenzyl) -2-deoxy-3-0 pentamethylbenzyl-l-thio-p-D- 
glucopyranoside (36) (290 mg, 76%) . 

2- [ (1, 3 -dimethyl -2, 4, 6 (IK, 3H, 5H) -trloxopyrimidin-S- 
ylidene)metlvleuiii3io] -ethyl 2-azido-4-0-beiissyl-6-0- (4- 
chlorobeazyl) -2-deoxy-3-0-pentamethylbenzyl-a, P-D- 
30 glucopyranoside (37) 

A mixture of methyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzy 1 ) 2 -deoxy-3 -0-pentamethylbenzyl - 1 - thio-P-D 
glucopyranoside (36) (220 mg, 0.36 mmol), 2- [ (1, 3 -dimethyl - 
2,4,6 (IH, 3H, 5H) -trioxopyrimidin-5-ylidene) methylamino] - 
35 ethanol (150 mg, 0.66 mmol), molecular sieves 4A (1 g) and 
DMTST (138 mg, 0.66 mmol) in 1,2-dichloroGthane (10 mL) was 
stirred at room temperature for 30 minutes. The reaction 



15 



20 
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mixture was neutralized with TEA (0.5 mL) and evaporated. 
The residue was purified by chromatography using CHCl3~MeOH 
40 itiL : 20 drops as the mobile phase to give 2-[(l,3- 
dimethyl-2,4, 6 (IH, 3H, 5H) -trioxopyrimidin-5- 
5 ylidene)inethylainino] -ethyl 2-azido-4-0-benzyl-6-0- (4- 
chlorobenzyl ) -2-deoxy-3-0-pentamethylbenzyl-P-D 
glucopyranoside (37) (220 mg, 77%) . 

2- [ (1, 3-dimethyl-2, 4, 6 (IH, 3H,5H) -trioxopyrimidin-5- 
10 ylidene)methylamino] -ethyl 2-amino-4-0-b«nzyl-6-0-(4- 
chlorobenzyl ) -2-deoxy-3-0-pentainetI]ylbenzyl-a, p-D- 
glucopyxanos ide (38) 

A mixture of 2- [ (1, 3-dimethyl-2, 4, 6 (IH, 3H, 5H) - 
trioxopyrimidin-5-ylidene)methylamino] -ethyl 2-azido-4-0- 

15 benzyl-6-O- (4-chlorobenzyl } -2-deoxy-3-0-pentamethylbenzyl- 
P-D glucopyranoside (37) (160 mg, 0.2 mmol) and TEA (3 
drops) in 1, 3-propanedithiol (1 mL) was stirred at room 
temperature overnight. The reaction mixture was 
chromatographed using EtOAc - hexane 1:1 then EtOAc - MeOH 

20 10:1 solvent systems as mobile phases to give 2-[{l,3- 
dimethyl-2, 4, 6 (IH, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylamino] -ethyl 2-amino-4-0-ben3yl -6-0- (4- 
chlorobenzyl) -2-deoxy-3-0-pentamethylbenzyl-a, |3-D 
glucopyranoside (38) (123 mg, 80%) 

25 

2 - [ ( 1 , 3 -diiiietliyl-2 , 4 , 6 ( IH, 3H, 5H) -trioxopyriaidin-5- 
yIideiie>iBe1:t]ylaml]io]-etbyl 2- [ (1, 3-diIllett]yl- 
2, 4, 6 ( IH, 3H, 5H) ~trloxos>yriiuldln-5-'ylidene)metl]Yla]iilno] -4-0- 
benzy 1 - 6 -O- ( 4 -chlorobenzy 1 ) - 2 -deoxy- 3-0 -pentamethy Ibenzy 1 - 

30 a, p-D glucopyranoside ( 39 ) 

A mixture of 2 - [ ( 1 , 3-dimethyl-2 , 4 , 6 (IH , 3H, 5H) - 
trioxopyrimidin-5-ylidene}methylamino] -ethyl 2-amino-4-0- 
benzyl-6-0- {4-chlorobenzyl) -2-deoxy-3 -0-pentamethy Ibenzy 1- 
p-D glucopyranoside (38) (50 mg, 0.066 mmol), 1 , 3-dimethyl- 

35 5- [ (dimethylamino)methylene]2,4, 6(1H,3H,5H) - 

trioxopyrimidine (Wow-reagent) (50 mg, 0.24 mmol), TEA (0.2 
mL) in CHClj - MeOH 3:1 (4 mL) was stirred at room 
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temperature for 3 hours- The reaction mixture was 
evaporated, the resulting residue was chromatographed using 
EtOAc as the mobile phase to give 2- [ (1, 3 -dimethyl - 
2,4, 6 (IH, 3H, 5H) -trioxopyrimidin-5-ylidene)methylamino] - 
5 ethyl 2- [ (1, 3-dimethyl-2, 4, 6 (IH, 3H, 5H) -trioxopyrimidin-5- 
ylidene)methylainino] -4-0-benzyl-6-0- (4-chlorobenzyl) -2- 
deoxy-3-O-pentamethylbenzyl-a, p-D glucopyranoside (39) (45 
mg, 75%) . 

10 Example 8 Selective deprotection study using an 

Orthogonally Protected Thioglycoside 
Building Block, Methyl 2-azido-6-0-tert- 
buty Idipheny 1 s i ly 1 -4-0 -bipheny Ic ar bony 1 -2 - 
deoxy-3-0- (4-methoxybenzyl) -1-thio-p-D 

15 glucopyranoside (11) 




Methyl 2-a2ido-6-0-tert-butyldiplienylsilyl-2-deoxy-3-0- (4- 
me thoxybenzy 1 ) - 1 - thio - P-D glucopyranos ide (10) 

20 Sodium (89 mg) was reacted in dry MeOH (50 mL) then a 

solution of methyl 2-azido-4-O-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-de03qr-3-0- (4~methoxybenzyl) -1-thio-P-D 
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glucopyranoside (11) (3 g, 3.88 itimol) in THF (25 mL) was 
added. The reaction mixture was stirred at 40 for 3 0 
minutes, then cooled to room temperature. The solution was 
neutralized by i\mberlite IR 120 {H*} ion exchange resin. 
5 The suspension was filtered, the filtrate was evaporated. 
The residue was purified by chromatography using EtOAc - 
hexane 1 : 4 as the mobile phase to give methyl 2-azido-6- 
0-tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-P-D glucopyranoside (10) (2.1 g, 91%). 

10 

Methyl 2-azido-4-0-bipheiiylcarbonyl-2-deoxy-3-0- (4- 
methoxybenzyl} -l-thio-p-D-glucopyxcUioside {40} 

To a mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0- 
tert-butyldiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 

15 thio~P-D-glucopyranoside (11) (150 mg, 0.19 mmol) and 
anhydrous AcOH (2.8 mL) in dry THF (17 mL) 
hydrogenf luoride-pyridine complex (2 mL) was added in a 
polypropylene container. The reaction mixture was kept at 
room temperature overnight, then diluted with EtOAc (100 

20 mL) . The resulting solution was washed with saturated 
sodiumhydrogen carbonate (4 x 100 mL) , saturated brine 
solution (100 mL) , dried over MgS04 and evaporated to 
dryness. The residue was purified by chromatography using 
EtOAc - hexane 2:5 as the mobile phase to give methyl 2- 

25 azido-4-0-biphenylcarbonyl-2-deoxy-3-0- (4-methoxybenzyl) -1- 
thio-P-D-glucopyranoside (40) (96 mg, 93%). 

Methyl 2 -azido-4 -O-blphenylcarbonyl - 6 -O- tert - 

buty Idipheny Is ily 1 - 2 - deoxy- 1 - thi o - p-D-g lucopyranos ide (41) 

30 A mixture of methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-3-0- {4-methoxybenzyl) -1-thio-P- 
D-glucopyranoside (11) (150 mg, 0.19 mmol) and DDQ (52 mg, 
0.23 mmol) in CH2CI2 - H2O 9:1 (5 mL) was stirred at room 
temperature for 3 hours. The reaction mixture was washed 

35 with saturated NaHCOs solution (3x3 ml), dried over MgSOi 
and evaporated. The residue was purified by chromatography 
using EtOAc - hexane 15:85 as the mobile phase to give 
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methyl 2-azido-4-0-biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl-2-deoxy-l-thio-p-D-glucopyranoside (41) 
(116 mg, 92%) . 

5 Uetbyl 2~amino-4-0-bipheiiylcarboiiyl-6-0-tert- 

butyldlpheivlsilyl-2-deoxy-3-0- (4-iBetliox3^>enzyl} -l-tliio-P- 
D-glucopyranos ide ( 42 ) 

A mixture of methyl 4-0~biphenylcarbonyl-6-0-tert- 
butyldiphenylsilyl"2-deoxy-3-0- (4-methoxybenzyl ) -1-thio-p- 

10 D-glucopyranoside (11) {150 mg, 0.19 nrniol) and TEA {3 

drops) in 1 , 3-propanedithiol (1 mL) was stirred at room 
temperature overnight . The reaction mixture was 
chroimatographed using EtOAc - hexane 15:85 then EtOAc - 
hexane 1:1 solvent systems as mobile phases to give methyl 

15 2"ainino-4-0-biphenylcarbonyl-6-0-tert-butyldiphenylsilyl-2- 
deo5cy-3-0- (4-methoxybenzyl ) -1-thio-p-D-glucopyranoside (42 } 
(130 mg, 91%) . 

3 , 4 -Methylenedioxybenzyl 2 -azldo -4 -O-biphenylcarbonyl -6 -O- 
20 tert-batyldipheiiylsilyl-2-deoxy-3-0-(4-iiietlioxyi)enzyl) -a,P- 
D-glticopyranoside (43) 

A mixture of methyl 2 -azido-4-0-biphenylcarbonyl-6-0-tert- 
butyidiphenylsilyl-2-deoxy-3-0- (4-methoxybenzyl) -1-thio-p- 
D-giucopyranoside (11) (20 0 mg, 0.26 mmol) , 3,4- 

25 methylenedioxybenzyl alcohol 59 mg, 0.39 mmol), molecular 
sieves 4A {1 g) and methyltrif late (106 mg, 0.65 mmol) in 
1, 2-dichloroethane {10 mL) was stirred at room temperature 
overnight. The reaction mixture was neutralized with TEA 
(0.5 mL) and evaporated. The residue was purified by 

30 chromatography using EtOAc - hexane 15:85 as the mobile 
phase to give 3 , 4-methylenedioxybenzyl 2-azido-4-0- 
biphenylcarbonyl-6-0-tert-butyldiphenylsilyl-2-deoxy-3-0~ 
(4-metho5c/benzyl) -a, p-I>-glucopyranoside (43) (173 mg, 76%). 

35 It will be apparent to the person skilled in the 

art that while the invention has been described in some 
detail for the purposes of clarity and understanding. 
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various modifications and alterations to the embodiments 
and methods described herein may be made without departing 
from the scope of the inventive concept disclosed in this 
specification. 

References cited herein are listed below, and are 
incorporated herein by this reference. 
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CLAIMS 

1 . A universal monosaccharide building block of 

General Formula I or General Formula II 

5 




XC 

n 



in which 

A is a leaving group; 
10 X is hydrogen, O, N or Nj; 

Xi is hydrogen, -CH2O-, -CH2NH-, -CHj, -CH2N3 or 
-COO- ; and 

B, c, D and E are protecting groups which can be 
cleaved orthogoiicilly , 
15 and in which 

B, C, D and E are absent when X is hydrogen or 
Ni. and E is absent when X, is hydrogen, CH3 or N3. 

2 . A monosaccharide building block according to 

20 claim 1, in which A is selected from the group consisting 
of -SR; where R is allcyl, substituted alkyl, alkenyl, 
substituted alkenyl, alkynyl, substituted alkynyl, 
cycloalkyl, substituted cycloalkyl, aryl, s\jbstituted aryl, 
halogen; trichloroacetimidoyl-; sulphoxide; and -0- 

25 alkenyl. 

3 . A monosaccharide building block according to 
claim 1 or claim 2, which is a compound of General Formula 
III 

30 
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XCi 

III 



in which 

Bi, C-i, Di and Ej are orthogonal carbohydrate 
5 protecting groups selected from protecting group sets 1, 2, 
6 and 8 as herein defined. 

4. A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
10 IV 




XC2 
IV 

15 in which 

B2, C2, D2 and E2 are selected from the members of 
protecting group set 1, and in themselves constitute an 
orthogonal set. 

20 5. A monosaccharide building block according to 

claim 4, in which the members of protecting group set 1 are 
levanoyl, chloroacetate, p-methoxybenzylojcycarbonyl and 2- 
trimethylsilylethylcarbonate . 



25 



6. A monosaccharide building block according to 

claim 1 or claim 2, which is a compound of General Formula 
V 
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XC3 
V 



in which 

A, X and Xi are as defined for General Formula I 
5 and II, and 

B3, Ci, D3 and E3 are an orthogonal set of 
protecting groups selected from amongst the members of set 
1 and from the remaining orthogonal sets. 

10 7. A method of synthesis of a molecule selected from 

the group consisting of glycoconjugates of non- carbohydrate 
molecules, neo-glycoconjugates and oligosaccharides, 
comprising the step of using a monosaccharide building 
block according to any one of claims 1 to 6 . 

15 

8. A method according to claim 7, in which the 

molecule comprises one or more compounds in which 
substituents are linked to a pyranose or furanose ring. 

20 9. A method according to claim 7 or claim 8, in 

which the molecule comprises a sugar analogue. 

10. A method according to any one of claims 7 to 9, 
in which the synthesis is carried out in solution. 

25 

11. A method according to any one of claims 7 to 9, 
in which the synthesis is carried out on a solid-phase 
support . 



30 
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